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either event, our measurements suggest that a
reinterpretation of most previous work on NH, Cl
is required.
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6These samples were prepared from reagent grade
NH4C1 that had been extensively recrystallized. The
powders were obtained from solution by very slow evap-
oration. The very fine dendritic structures that pre-
cipitated initially were then allowed to equilibrate with
a saturated solution over a period of several months.
The final crystallites were very smooth and rounded
and exhibited no measurable strain under the polariz-
ing microscope.

A recent thesis by P. D. Lazay {Massachusetts Insti-
tute of Technology, 1968, unpublished) contains a con-
venient, -100-entry bibliography. The single crystals
used in our work were very kindly supplied by Dr. La-
zay.
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Domain-wall mobility values from 6000 cm sec i Oe ' at 300 K to 50 000 cm sec
Oe at 77 K, among the highest observed in insulating magnetic materials, have been
measured in YFeO&. We have observed a monotonic temperature dependence of mobility
which is qualitatively different from that found in other magnetic insulators and which we
believe represents intrinsic behavior of wall mobility in YFe03. Domination of wall re-
laxation by surface roughness has been eliminated by proper surface preparation.

We have measured domain-wall mobility val-
ues for YFeO, from 6000 cm sec ' Oe ' at room
temperature to as large as 50000 cm sec ' Oe
at 77'K These values are among the highest
reported for insulating magnetic materials' and
exceed, by an order of magnitude or more, the
values of wall mobility observed in the rare-
earth orthoferrites. ' The domination of wall re-
laxation by surface roughness, believed to figure
prominently in the mobility measured in some
magnetic insulators, ' has been eliminated in our
measurements by proper surface preparation.
The temperature dependence of mobility report-
ed here for YFeO, is believed to be characteris-
tic of the bulk material and is qualitatively differ-
ent from domain mall-mobility measurements in
other magnetic insulators.

YFeO, is a canted antiferromagnet with the
easy axis for the net magnetization along the c
axis of the orthorhombic crystal structure. The
canting arises from an antisymmetrlc exchange

interaction' which confines the magnetization to
the a-c plane in which it sees an effective uniax-
ial anisotropy together with a small cubic term. '
The crystals were grown from a flux' composed
of a mixture of PbO and B,O, . The total impuri-
ty level, except for Pb, was shown by mass-
spectrographic analysis to be less than 20 ppm. '
For YFeO3 grown by this method, one can expect
almost 0.3% by weight of Pb to go into the lattice,
replacing yttrium ions. ' The samples were cut
into plates normal to the c axis and polished with
diamond powder, in steps of decreasing grit size,
to a thickness of about 150 pm. The last step
was accomplished with diamond particle sizes
not larger than 1 p.m.

One sample, hereafter referred to as sample
A, received further surface treatment consisting
of mechanical polishing on a very fine scale in
combination with chemical polishing. After final
polishing, sample A had a thickness of about 50
p.m and a coercive force for domain-wall motion
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FIG. 1. Temperature dependence of wall mobility
in YFe03, sample A, measured at different strengths
of dc field gradient.

I 000 « ~ a I s s s ~ I s ~ s a I a s ~ s I ~ s s ~ I a s a s I \ ~ ~ ~

0 50 Ipp I 50 200 250 500 550
TEMPERATURE ( K)

FIG. 2. Temperature dependence of mobility mea-
sured in three samples of YFe03. See text for differ-
ences in their preparation.

of less than 0.1 Oe. The temperature dependence
of domain-mall mobility measured on sample A
is given in Fig. 1. The wall mobility is deter-
mined using a previously described method in-
volving the measurement of the frequency re-
sponse of a single domain wall driven sinusoidal-
ly about a static equilibrium position fixed by a
dc magnetic field gradient. ' The use of different
strengths of dc field gradient in obtaining the
data given in Fig. 1 leads to a further verifica-
tion of the va.lidity of the simple relaxation mod-
el described in Ref. 2, since the mobilities are
seen to be independent of the field-gradient mag-
nitude. Field gradients of 1080, 1820, and 2855
Oe/em were used at 300'K with gradients about
half again as large but in the same proportion at
the lowest temperatures.

Mobility values measured on two other samples
grown in the same manner as sample A but from
a different batch are given in Fig. 2, together
with the values measured on sample A for com-
parison. Sample J3 underwent the same final sur-
face processing as did sample A. Sample C was
polished all the way to a 50- p.m thickness using
1-pm diamond powder, but this left the sample
with a coercivity too high and too nonuniform to
permit measurement of mobility with the oscil-
lating-wall technique. However, a 15-h anneal
at 1500 C in an oxygen atmosphere brought the
coercivity of sample C down to about 0.1 Oe so
that the mobility data given for that sample in
Fig. 2 could be measured. This high-tempera-
ture anneal removes the elastic and plastic
strain introduced in rough polishing. '

Previously reported room-temperature values
of wall mobility for YFeO„measured on a single-
crystal platelet obtained directly from the melt'

and deduced from wa11-velocity measurements"
on a large chemically polished single crystal
with a coercive force of about 5 Oe, are nearly
an order of magnitude lower than the values re-
ported here. In the neighborhood of 130'K the
earlier values are about three orders of magni-
tude lower than the present measurements indi-
cate. The conclusion that the present measured
wall mobility is dominated by relaxation mecha-
nisms in the bulk crystal rather than by mecha-
nisms involving surface roughness is based upon
two observations. One is the essentially identi-
cal behavior of mobility with temperature ob-
served in all three samples above about 180'K
despite a difference in surface preparation. The
other is that the temperature dependence of the
measured mobility is inconsistent with surface
roughness as the dominant wall-relaxation mech-
anism. The temperature-dependent magnetiza-
tion" would cause a reduction, with increasing
temperature, in the strength of local demagnetiz-
ing energy associated with surface roughness
mhich implies' a mobility that mould grow mith
temperature. A parallel can be drawn with the
behavior of ferromagnetic-resonance linewidth
in yttrium iron garnet (YlG). There it was shown
that surface roughness makes a linewidth contri-
bution which is additive to those of other relaxa-
tion mechanisms" and which, having the temper
ature dependence of the magnetization" at ap-
plied fields» 4mM, gives very good agreement
with the behavior of linewidth measured 2 in high-
ly purified YIG when added to other known relax-
ation processes.

In terms of bulk-crystal properties, wall mo-
bility generally varies with temperature not only
as a result of temperature-dependent relaxation
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mechanisms but also a,s d, result of a tempera-
ture-dependent wall width which is proportional
to the square root of the ratio of exchange to an-
isotropy energies. In fact Gyorgy and Hagedorn, "
upon application of the Gilbert equation of motion,
have shown specifically for YFeO, at low fields
that mobility is given by p, = ya '(A/K)'I' for a,

Bloch wall parallel to the a-c plane and p&
=yn '[A/(K+2@M')]'I' for a Noel wall parallel
to the 5-c plane. Here y is the magnitude of the
gyromagnetic ratio, o. is the phenomenological
Gilbert damping parameter, A is the isotropic
exchange constant, and K is the effective uniax-
ial anisotropy acting on the net magnetization in
the a-c plane. Since K» 27tM' in YFeO„ then

In YFeO„however, domain-wall ener-
gy, which is proportional to (AK)'I', has been
shown" to be nearly temperature independent be-
tween 77 and 350'K Since A can be taken to be
independent of temperature, '" the rather strong
temperature dependence observed for p. in the
present measurements cannot be attributed to
the behavior of the anisotropy but must be attri-
buted to temperature-dependent relaxation mecha-
nisms incorporated in n.

The results of these measurements are unique
in that, to our knowledge, only in YFeO, does
the wall mobility grow rapidly with decreasing
temperature while at the same time reflecting
directly the temperature dependence of the relax-
ation processes involved. Although mobility was
observed to increase' at lower temperatures in
EuFeO, and TmFeO„ its behavior in these mate-
rials is influenced by temperature-dependent
wall widths. It is suggested that the wall mobili-
ty reported for sample A, particularly above
180'K, represents the intrinsic wall mobility in
YFeO, . The origin of the differences in the be-
havior of mobility among the samples at the low-
est temperatures is not certain. There is strong
evidence' that Pb goes into the lattice with a com-
pensation mechanism involving the replacement
of Y" with Pb" accompanied with a change in
valence of Fe" to Fe". The presence of Fe in
the two ionization states introduces the possibili-
ty of a relaxation mechanism involving electron
hopping" which may be operative at the lower
temperatures and which would be dependent upon
Fe ~ concentration.

There is an important parallel between the
study of wall mobility in the orthoferrites and
the study of ferromagnetic-resonance linewidth
in the rare-earth and yttrium iron garnets. In

highly purified YIG, the linewidth is extremely
narrow and grows with increasing temperature, "
reflecting the temperature dependence of the
Kasuya-I eCraw relaxation mechanism. " From
the temperature dependence of the linewidth in
YIG doped with small concentrations of rare-
earth ions, Dillon'8 was able to study the relaxa-
tion properties of the rare-earth ions through
their exchange coupling with the magnetization
of the iron ions. In the orthoferrite system
where resonance for linewidth study does not oc-
cur at convenient microwave frequencies, relax-
ation properties of the rare-earth ions may be
similarly studied from measurements of wall
mobility in YFeO, in which small fractions of the
Y" ions have been replaced by rare-earth ions.

The author is grateful to J. P. Remeika who

grew the crystals from which the samples were
obtained and to E. Heinlein who kindly annealed
sample C.
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